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I INTRODUCTION

The major efforts during the period covered by this report (Jume 15 to

September 15, 1957) have been in the following directionst

A. Improving existing and Investigating new methods of forming and working

composites of aluminum and aluminum coated glass fibers.

B. Determining a complete set of physical data on a standard glass-reinfosred

aluminum, composite in order to indicate the general characteristics of

glass-reinforced metals as a class of materials.

C. Developing a method of forming composites of aluminum and bare glass

fibers and evaluating the physical properties of these composites.

D. Production and testing of glass-reinforced aluminum tubular shapes.

3. Developing a theory oz the interaction of metals and glass fibers.

F. Davelopipg a glass-reinforced metal having utility. at temperatures above

10009F.

The work reported represents the combined efforts of Messrs. J. I. Aber, R. 3.

Evans, B. B. Garick, P. A. Lockwood, H. .o 16thews, 3. B. Mattern, C. A. Riesbecko

B. W, smart', g. S. Swain, 0. 3. Wince, and the author, of the Glass-eta"l

Research Laborato'ryp and Dr. H.. D. Vhitehurst, Department goad. Acknowledgement

is also made of the valuable assistance given tr many otoer members of the Saaic

and Applied Research Center.

Physical property, measurements of the glass-reinforced metal test bars were

performed by the 01•-lMathieson Chemical Corporation In New Hava,# Cooneoiout,



and by the Ohio State Shgnersing bpea Iment Station of the Ohio State Vaiverety

In Columbusa Ohio.

Work an fabrication of large shapes, in partioular tubing, of glass-reinforced

metals has been subcontracted to the Olin-Mathioson Chemical Corprationm In

New Haven, Connecticut.

The expiration date of this contract Is October A3, 1957. Negotiations have

been opened with the Navy Bureau of Ordnance to extend this oontacot for one year*
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The average compressive ultimate strength of the standard glass-reinferoed

aluminum composite is 128,000 psi at room temperature. Unr1einfrrced 148 alum."num

has a compressive yield strength of 60,000 psi at room t•emperature. A compressive

yield strength could not be determined for the glass-reinforced aluminum using

available equipment.

The Olin-4ethiseson group has investigated the process variables# materials

characteriatics, and process dynamics of the centrifugal casting proced*re for

fabrication of glass-reinforceA aluminum tubes. Over a wide range of experimental

conditions, the interdependent relationships between certain of these factors have

precluded the attainment of ýholly satisfactory tubes. Labepatory work was

undertaken concurrently with centrifugal casting experiments in order to overcame

materials weaknesses and eliminate or modify undesirable process dynamics. The

results of this work have been encouraging enough to warrant further efforts In

this direction.

The combination of most metals and glass fibers results In se degradation • n

the strength of the glass fibers. Experiments on combinations of glass fibers with

Wood's metal, lead, sine, and aluminum have Indicated that this strength degra-

dation increased with increasing temperature at which the glass and molten metal

are contacted. However, there is no definite indication as to whether the fiber

strength degradation is due to chemical, thermal, or mechanical reaction of the

metal upon the fiber. A clearer understanding of this interaction will point

the way to large improvements in glass-metal coMpite properties.

Using the standard vacuum injection technique, glass-reinforced aluminvm composites

were made using 8C-51A aluminum, a casting allo0 havi high fluidity. These



composites had excellent strengths with a high dopes of uniformity in tensile

strengths# indiLating sound castings.

Evaluations of the vatting of several aluminum alloys on glasses formulated to

assist in vetting indicated several glasses which were somewhat superior to the

standard Z glass in present use. Certain glasses were better for oertain alminum

alloys.

Preliminary work has begun on development of a glais-roinforced material ha"ing

utility above 10007. Reinfprcement of various oopper a&llys and a larp number

of inorganic compounds offers-promise.



in DISCUSSIOI

A. Improving existing and investigating new methods of forming and workiq[

composites of aluminum and aluminum coated glass fibrs..

1. Composites made using aluminum casting alloy having high fluidity.

Using the standard vacuum injection techniqus,,(I) glass-reinforced

aluminum composites were made using SC-51A alminum, a casting alloy

having high fluidity. The SC-51A alloy contains 4.5 to 5.5% silicon,

1 to 1.5% coppers .4 to .6% magnesium, o35% sine, .8% iron, .5% manganes*,

.25% titanium, .35% nickel, and J5% other elements. Table I presents the

tensile strengths of composites made using SC-51A aluminum alloy as the

matrix alloy. The oomposites were not heat treated. The ureinforoed

8C-5A alloy In the as cast condition has a tensile strength Of 24sO00

to 28,000 psi. This alloy can normally be heat treated to a tensile

strength 'of 40#000 to 44,000 psi.

TABLE I

0L&SS-RUN1FRCE SC-51A ALMMNU AMLO

Sample Tensile Strength at Average Tensile Strength
Number Room Te!perature. Psi At Room Temperatue, pi

819-81A 214,800
819-81B 26,300

819-81C 25,400

819-SD 214,70o 25,700

819-811 26,500

819-817 24,600
819-810 27,800

(1) H. 5. Whitehurst - First Annual Progress Report, Contract U~d 1,5764
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It will be noted in the above table that the tensile strengths are

remarkably consistent. A standard deviation of 7% exists in the above

fgures. The standard glass-reinforc,,.1 aluminum composite, made using

a 21S aluminum alloy, has an average tensile strength of 26,200 psi with

a standard deviation of about 25S. Hence, it can be seen that the more

fluid casting alloy reinforced with glass fibers In the as cast cwdition

has strengths as good as 145 aluminum reinforced with glass fibers in the'

heat treated condition. The strengths of the reinforced SC-5lA alloy

composites are more consistent due to the higher fluidity of the BC-51A

alloy and consequent better penetration of the glass fiber bundle.

2. Composites made using elevated casting temperatures.

Using the standard vacuum injection technique# glass fibers were impregnated

with molten 14S aluminum at temperatures of 14O0 to 1700?e. Previus work

,a been reported (1 & .2) wherein the molten IS aluminum was injected at

1100 to 1300oF. This previous study indicated little change in composite

with casting temperatures ranging from 1100 'to 130006 Table nI summarisa•e

data taken in the study wherein casting temperatures of UhM0 to 1700WF

were used.

INMTIOATION (' ELVATED CASTINO T•UI•ATURES

Sample Temp. of Immersion Tim Tensile Strength Avg. Tensile
Number Molten Al.'F, in Kelton Al, sees. At Room Temp.upsi iSk!g viM

819-60B 1400 180 39,500

819-60C 14O0 180 28,900 31,1OO
819-60D. 400 180 25,000

(1) H.D. Whitehu• t and 1.3. Ailea-]ifth Quarterl, Progress Report, Contract
lOrd 15764~.

(2) H.S. Whitehurst and H.D. Ailee-Sixth Quarterly Progress Reportp Contract
lOrd 15764.-
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Sample Temp. of Immersion Time Tensile Strength Avg. TenmIle
Nunber Molten Al.,1F. in Molton Al.. see: At Room Teme..ui• trensth. psi

819-61A 1460/1500 150 32,600
819-61B 1500/1540 120 34,000 33,300
819-61C 1480/1520 150 33,2o0

819-62A 1600 120 42,200

819-623 1600 120 ' 29,800 35,500

819-62D 1600 120 34,500

819-64A 1700 75 2,500
819-64B 1700 75 23,650 25,600
819-6W0 1640/1700 120 27,60o

The above data is unusual in that composites formed uuing molten aluminum

temperatures of 1400 to 16000F had increased ocmposite tensile strengths

with increased casting temperatures* Howevero composites made at 17000F

were weaker than composites made at 14007F. The higher casting temperatures,

which would be expected to decrease the glass fiber strengths, resulted in

less time' required for penetration of molten metal into the fiber bundle.

The shorter casting time (molten metal to glass fiber contact time) may

explain the increased composite strengths.

3. Olass micro-balloon reinforcement of aluminum.

Glass micro-balloons of 10 to 250 micron diameter (average diameter of

60 microns) were used in an attempt to reinforce aluminum. Micro-balloons

were placed in a pyrex tube, the tube was evacuated and one end Immersed

in molten aluminum. The molten aluminum flowed up and around the Mioro-

balloons following the walls of the prx tube. The aluminum suvroundod

the micro-balloons, but did not penetrate into the particle bed. If these

two materials could be incorporated in some other masmer, it might be

7 e



posesible to prodnoe a foamed glasse-rinforcede aluenun.

3. Doterminizi a eo-plote met of physioal data on * etandard ls-reinf,. oed

a2luirmm owocitoat in order to indicate the general oharacteristics of glass-

reinforeci motale as a class of materialse

1. COouoaitee made by vacuum injection zetod.

It was deezed advisble to get a reletive4y complet. evaluation of the

physical properties of a material which is ossentialm3 11"6 alumnm

reinforced with 20-30 volume percent continmous longitudinally oriented

glasm fibers. This material. is made b pUlling, under vacuum, Ioltex

am into a mold oontaining bA1MMMI coated glass fibers, Thl.

material was cbosen •a the beat available one year ago, when the eval-

uation began. However, sinie that time, developments have been ofde

which affedt the physical properties of glasemetal composites. It ha

been decided to continue the evaluation of physical propertes based em

the original omposite type so that a related set of pbysical properv

date.a wil w:dt. This set of data can then be used to indicatethe

"prperties of material which incorpmte azW future develoens The

infrmuatan collected u•ing this reporting period follows

a* Ultimate compreasive strengths

Data on the ultimate coopressive strengths of the standard glass-

reiafore•d aluxim composite aado by the vaemm injeestim techique

in she= en Uable X.,



*

'.- .TABLE rII

ULTIMATE C.O:IPESIVE STRMITIIS

Sample Ultimate Compressional Average Ultisate Compressionel
Number 8trength at Room Temp .,vsi Strength at Room Toerabture, psi

..-mz-1627-1 132,500

-2 101,000

-3 104,000 126,000

-4& 125.,500
-5 151P500
-6 110.,000

]M-m1-1620-3 138,500
4 130,,506 132,000

"-5 128,500

-6 129,500

- u-mz-16M-i 1U19,000

-2 120,500

-3 120,000 127,0000
-4 123,000

-. 122,500

-6 155,000

The above tests were conducted on samples approximately .375 inches

in diameter and .750 inches in length. They were tested at a strain

rate of .015 inches per minute. Ultimate compressional strength was

calculated as the ratio of breaking load to original oross-seotional

areas

This ultimate compressional strength data indicates an average ultimate

omprusiona3 strength for glass-reinforced aluminum at 128,000 psi at

room temperature and a maxim of 355,000 psi. at room temperature.



Unreinforced hl .aluaintm has a compressive yield strength of

60O000 psi at room temperature.

C. Developing a method of forming compoeites of tluxinum and bare glass fiber.

and evaluating the physical properties of these composites.

L, Wetting Studies.
e pri ted previously(1) an extensive program was completed evaliating

the vetting of 50 different glasses by various aluminus alloys. A

statistical evaluation of this program was made. Based on this statistical

evaluation, 15 opecil3. glasses were produced to represent various predicted

vetting characteristics. Eight of these glsses were simple modifications

of I glass, two were complex modifications of R glass,# on was a refractory

glass and two were glasses that were thought to have high solid surfaes

energies. Two other glasses were picked at random.

Wetting tests were conducted by forming fibers of each glass, dipping

three of four fibers of. each glass in each metal to be evaluated, and then

visually examining the dipped fiber under a microscope. The vetting of all

the glasses by 285 1414 and % sins, 1% cadmium, balance aluminum alloys

was evaluated. The 5S sine, 1% cadmium,, balance aluminum alloy wet 12

glasses better than it wet I glass. Six glasses were better than 3 glass

with respect to their ability to be wet by 25 aluminum. 11M aluminum wet

one glass better than B glass.

Thu it can be seen that all but four of these glass compositions were as

good as B glass for at least two of the aluminum elloys. Two of these

(1) H. B. Ailes - Seventh Quarterly Progreess epert, ontract lOrd 1576k.

- 10.



interior glasses were those picked at random. Thu the statistioa&, tu

gave 11 out of 13 glases which were more easily wet than I glass.
However# none of these glasses are a large improvement over I glass and

further toots must be oonducted to establish the eignificance of the

indicated superiority of these glasses to I glass. A general conclusion

can be made that certain glasses are better for certain alumina alloys.

Zt may be possible to tailnr-make a glass composition that wouldbe note

easily veat by one opeeifie aluminum alloy.

Do Produation and testing of alasa-rainforced aluminun tubular shapes.

It has been found desirable in the best interest of this project to subcontract

to the Olin-Mathieson Chemical Corporation work an fabricating large glass-

reinforced aluminum tubes. A detailed description of thin work to date is

included in Appendix A.

g. Develop•n• a theory on the interAction of metals and class fibers.

The combination of most metals and glass fibers. resulte in some degradation in

the strength of the glass fibers. It is of paramount importance to under-

stand the interaction which takes place between the metal and the glass fibers.

Once the interaction is more'clearly defined it will, in all likelihoods be

possible to control this interaction and produce composite masterials of glass

and metals having the most desirable properties. Figure 1 (Appendix B)

plots the room temperature tensile strength of metal coated fibers versu the

temperature at which the metal was applied to the fibers, This figure

indicates the effect of the temperature at which an alloy is applied to a

single glass filament on the tensile strength of the coated filament. The

alloys shown in this figure represent the best coating alloys known to date
/'



and, cover the range from• reactive to non-reactive metals Figure 11 shows

there is a definita deorease In-coated fiber tnsile strength with increased

metal application temperature.

It will be noted that for lead and sine coatingp there is a small initial

increase in coated fiber strength as the coating temperature is increased.

This might be explained as,a, result of viscosity changes in the metal alloy

allowing less metal to be applied to- the filament as the metal application

temperature is increased. Less metal may cause less fiber strength degradation.

Figure IX does not defintely indicate whether the fiber strength degradation

is due to chmical, thermal, or mechanical reaction of the metal upou the

fiber. The issue is clouded since it is quite likely that both of the

postulated chemical and mechanical effects of metal upon the fiber are

temperature dependent.

T. Developing a glasa-reinforced metal having utility at temperatures above 1000•7.

Composites have been made by hot pressing glass fibers coated tih oluminum-

copper alloys. It is hoped that these compoeites would have better tensile

strengths at IO00OF than the composites made by hot pressing aluminum coated

glass Tibers. Composites were made by hot pressing glass fibers coated with

a 5% coppers balance aluminum alloy. In general, the glass fibers used to

make these materials were not too satisfactory since the application of the

copper-aluminum alloy resulted in a rather brittle coated fiber. It was

impossible to apply aluminum-copper alloys having high sopper concentratio;.

A 33% copper, balance aluminum alloy made fibers which were too brittle to

handle.

- 12 -



"It has been decided to reroute efforts to the- brass alloys In gernal these

oopper-sino alloys have lower- molting-poinnts Aha the copper-alu.inwm alloys

and m• very well have good- high temperature strengths

Composites have been made tr reinforcing combinations of ouprio and ouprous

chloride. This material had a metallic appesaance# appeare* to-be somiihat

ductile and quite tough. It Is. thought that it will be possible to reinforog

many Inorganic compounds with g•as fibers. Those materials may have utility

at hih temperatures.

A now glass has been obta$ned which can be formed In e•.eU.ng equipment but

has a softening range about hOO*1 higher than I glass. Thi glass should

allow the use of'metals having higher melting points• It is hoped that it

vill be possible to reinforce oopper-niokel alloys.

13)
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IV MUTUE VJOK

The expiration date of this contrAct is Ootober 1, 1957T. Negotiatiou have bees

opened with the Navy Bureau of Ordnance to extend this contract tor one year.

Subject to Navy Bureau of Ordnance approval work durinn the next quarter will. be

in this direction.

Olin4-athieson will attempt to scale up the vacuum injection prooedure used in

the O'F laboratory to produce 1 inch diameter glass-rei.nforoed aluminum tubes.

Olin-Mathieson wil produce by -this method and test in internal burst" 6 inch

diameter tubes. Work will continue on. centrifugal casting and vaopum-pressuoe

caiting equipment in order to prod"&c large gle4is-roin~brced al~uisata shapos't

these methods.

A detailed study of the aluminum-glass fiber Interaction will be ocontinupdwith thq

.Improvement of room temperature strengths of-g3gA#-reinforced alum$num as a targets

Attempts will be made to protectthe fibers from. reaction with the molten aluminum

In order to evaluate the effect of. ohezosal interactiop. Vacuum plating of metals

op glass fibers' will aid evaluAti~ohof the, thereal interaction. Hlf-oating fibers

vwih metal shou~l shed some light on the. moohaoal izooraction of the metal'ind

the glass fiber6.

,ffort, will be, directed toward development,. of i theooz•i e•npling. the fornýAft

'and behavior of, glass and metal oombinations.

Vahous inorganic compounds wil be reinforced with g14ss .fiber in an attsmp' to

make a glass-reinforced material utility above o.OCO1. High softening,

point glaeq a Ind copper alloys wi•. also be combined in this do .evlopmoert
'14



Additional results vwil be available on physical properties of glass-reinforced

aluminum composites. Modulus of elasticity in shears compressive strength# oaep

rates stress rupture oharacteristios,, a fatigue strengths vwil be measured at

temperatures up to 1000*Fe The vater absorptive capacity aM vet strsngth of

glass-reinforced aluminum vwil be measured.

Work vwii oontinue on developing improved glass-reinforced aluminum naterials.

The optimum conditions vitl be determined for forming composites tq hot pressing

alinum coated glass fibers. Preliminary experiments vwi be conducted on the

extrusion of glass-reinforced' alumnbu.

.15.
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Olin Kathieson Chemical Corporationi (01M=) is a subcontractor to Oeae-Corning

7iberglas Corporation (CC?) under contract lOrd 1S?64a for the purpose of producing

and testing large glass-reinforced aluminuma cylioers arA making peysil• property

measurements of experimental 007 glans-reinforced aluminu sampeos. The contreet

read& as fbllovst

wWork under this subontraact shall be devoted to fabrication
of large shapes, particularly tubing, of glass reinforced
aluminum and testlng of glass-metals samples. It is under-
stood that 0:CC has available the knowledge and facilities
for metallurgical process development. Considerable beavy-
duty metal-working equipwqnt•cn be aide avaiAable.•

The subcontraot Was issued effective Novmber 1, 1956 thrugh November lp 19%?.

This report is written to cover activity from Inception of te progrm to

Setember 15, 1957.

The major offorts 'during this period have beent

A. Designing and building centrifugal casting aoios, developing eas

techniques.

B. Product evaluation.

0. Investigating effects of process variables on qual+ t of"tngs.

D. Investigating effects of materials and process ohaezrt@ri e em quality

of oastings.

B. Investigating methods of treatin iberglas prefa' te Improve rPhyial

* and physico-ohomical characteorlstico.



7. Desipivz• •ln4 building apparatus for vacuua..mpssure km;nlgntion d]'flbewgl&~' •.tows.

a. 1hyuioill sting Oct sample@.

The work repor - represents the combined o•f lrts of the peromnl of tho Metal-

Glass Section 4 the •lass, Metals and Plastics Depart•ent hiaed by Mr, Wede,

McArdle. Ackno lodgement il also made of the valgable assisAno, given by

aembers of the hastics Research Section under Dr. Leo I. Nkmot', Chief.
N!



11 8UMIARY

The principal objective of this project is to fabricate glass-reinforced aluminum

tubes of nominal dimensions, 12 to 24 Inches long, 6 to 8 inches 0.. 1/4 to

1/2 Inch wall, which will be suitable for bursting strength tests in substantia•ly

the as cast condition and dimensions. Centrifugal casting appeared to be the

most promising method based on limited experiments by OC usIng prof arms of

aluminum coated glass fibers holically wound on an aluminum scroen mandrel,

Until late February# 1957P therefore, MM was engaged in designing, building,

purchasing and installing equipment in a now laboratovy area in New Haven#

Connecticut, for melting, casting and heat treating aluminum, and for the

centrifugal casting of glaos-reinforced aluminum tubes. Provisions were made for

recording critical process temperatures with an 8-point recording potentimeter

pyrometer. The present laboratory facilities# devoted almost exolusively to

work on this subcontracts are shown in Figure le

A 150 ton hydraulic press, M and 020 Bliss pressis, large Porter-Johnson shaper,

Stokes vacuum pump, physical chemistry lab, and physical tosting facilities are

now available in addit.on to a larger and Improved centrifugal casting machine

and now vacuum impregnation units built in the New Haven shops.

The first casting ws made in a sand-lined 6 Inch diaenter iron flask on

February 27, 1957. A total of 35 glass-reinforced aluminum castings was side ii

this machines It was then converted to accommodate a pemanont mold of stainolss

steel, 7.7 inches I.D, for higher speed operation at elevated toeperatue•s.

Forty-two -casting have been made inooe Jun 7, 1957? in the present mohinm -

.21



a total of 77 experimental runm to date. Detailed experimental data are presented

in Table I and product evaluation in Table Il. The present centrifugal casting

machine and an array of cast tubes are shown in F7gure U . The tubes are shown

in sequence from left to right, rear to front.

Investigations have been made into the effeots on casting quality of the ;roess

variables, materials characteristtes and proces4 dynamics. Over a wide range of

experimental oonditione, the interdependent relationships between certain of these

factors have precluded the atteinaent of wholly satisfactory cast tubes, and

laboratory work has been undertaken concurrently with centrifugal casting

experiments to devise ways and means of overcoming weaknesses in materials and

eliminating or modifying undesirable process dynmics. The results of this work

have been encouraging enough to warrant further efforts in this direction.

An alternate method of compositing aluminum and Fiberglas in various form has

been developed involving the vacuum-pressure impregnation of various preform

Fiberglas shapes, including cylinders and cones. 4spembly of this apparatus has

just recently been completed, and the unit has tested out satisfactorily so that

experimental work is now underway.

The physical strength properties of 196 glass-reinforced aluminum samples

submitted by OCF have been determined in our laboratories at both room and

elevated temperatures. These tests have included determination of tenseo

strength$, elongation, modulus of elasticity in tension, ultiaate campressiva

strength and modulus of ealsticity in compression.

.22.
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InI DISCUSSION

A. Centrifugal Casting Machine Design and Casting Techniues.

1. Construction and use of 6 inch casting machine.

Bolted steel structural members were used for the basic freaqvork of

the machine so that it could easily be modified to accommodate cylindrical

molds up to 10 inches diameter by 3 feet long. The first mold was carbon

steel 8 3/16 inches I.D. x 12 11/16 inches long, driven directly by a

1 HP motor through a Lewellen chain drive with a range of 275 to 1800 rym.

The direct drive soon presented an alignment problem *Loch was eliminated

by changing to belt driven rolls. Sand liners, either resin cr C02

bonded, were necessary in this steel mold so as to insulate it

sufficiently from the preform preheating element and the molten metal to

permit high speed operation without exceeding a safe working stress.

Preparation of satisfactory resin bonded liners proved difficult anA

time consuming, and a relatively new technique was applied 4 using 002

bonded sand liners formed and cured directly in the flask around a

centralising core. Fiberglas preform universally wound on 4 6 inch

diameter screen support were encased in various shell materi4le (su•h

stovepipe) to eliminate the coarse, irregular surface resulting whea the

metal was cast against the rawsand liner. In this fashion, the encased

preform could be used as the centralising core. Best results were

obtained with a heavy wall, iron pipe core, lighter weight materials

proving unsatisfactory because of seaming and backling under heat and

pressure. Centrifugal forces of 7 to W pravities were employed in

this machine, developing radial pressures up to 11 psi for a 1/4 Inoh
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,wal casting.

The first pouring trough (for charging molten metal to the rqtating

casting chamber) used was the Nend pourw tMpq. It was a reotadgular

block of graphite bored with A 1 inch hole widening into a shallOW funnel ,

at one end. The trough was heated on three sides along its length with

externally mounted, powerstat oontrolled calrods to maintain fluidity

of the cast metal. The trough and heater assembly was mounted on a track

and could be traversed in and out of the spinning mold with a hand crank.

This arrangement also allowed the calro4 heaters to supply radiant hbet

to the Fiberglas preform before casting. Also mounted on the track in

pouring position was a frame supporting the hand shank and graphite

crucible containing the alloy molt. Pouring with this type trough has

the disadvantages of rapidly developing high shear and eoapressive forc•q

as well-as making it more difficult to obtain even metal distribution.

However, it is believed that air and other gases are not as likely to be

entrapped within the cast tube, but are swept to the mold ends where they

can easily escape.

.A heated graphite box trough with a bottom pour slot was tried without

success since even distribution could not be achieved. The slot was thso

plugged and the trough mounted on a rotatable shaft so that the molten

metal could overflow in a thin stream along the entire length. This

method was abandoned because the geometry of the mold, end flanges and

trough severely limited the volume of metal whch could be east In me

shot,.



.~ ~~~~~~~~ ,.. . . . . .._.. . . .. . ... ... .............

Refinmeent• of the end pour technique followed vith the addition of a

gear uotoi to drive the track, and a cam follower-guide rail device to

tilt the cruoible at a predotermine4 rate to obtain an even di•tribution

of csat metal* It was nseoesar to put "aids the latter device temiporari3y

because of the neoessity for laborious rocalibration in eash muoeeddin

expeamt to conform to the increased or deoreased metal shot required

by the use of various d4w ionas FibuwSlas preform. Good results were

obtawdn -in 4sot oass with this deviQe, howvero, and warrant its se. an

the present machine au soonsos a standard dimension preform is uwedo

A total of 35 asatings aus made in this machine before it was oonvueted

to aoomodate a longdr stainless stee permnent sold. Pertinest data

are recorded on page 1 of Table I (Appemdix A). A pioture of this mehoMe

is carried In an earlier reporto(l)

2t Conatruotion and gae of 8 inch casting maohing.

A heavy wa&l stainless steel (type 304) mold' 7.7 inchis ID, z 36 inches

long vas fabricated and installed In the modified buea, together with a

3 liP Varidzve motor. These modifioati•ns permit sasting longer tubes

dire•t• into the. mold at higher rpa and bhighe temperatures. A draft of

.020 inch/foot vws provided to facilitate removal of the fiiaied• sastine•s

This high-strmna•• mold eliminated the need for and 1nera and inserts

which would becos Increauingly more diffioult to assleble for longer

oatings. Centrifugal force was made available through a range of 7-3M00

gravities at farm 250 to 3362 rpa. Radial pressures up to 30 ps. for

24 inch wall castinga. 60 psi for 1/2 inh wa ceasting aMd 71 psi.

(1) L. 3 Ail"- $Seond Annual Progess Report, ontomt NOrd 15764.
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for a 5/8 .inch wall dasting were attainablp.

The use of heavier shafts, self-aligning bearings, central guide rollers#

hold-down safety rollers and A-belt drive resulted in smoother operatian

with l.es vibration. A longer graphite tube feeder and pour box were

fabricated for casting tubes up to 20 inches long, the mxiimum length of

preform that OCY opuld wind. It became necessary then to wind prefrwmA to

7.7 inch 0.D. specification. A split bulkhead ring is inserted in the

flask to permit casting tubes shorter than the 360 flask length.

External gas burners vbre installed to preheat the flask, an internal gas

fired radiant tube or open gas flam is used to preheat the Fiberglas

preform in place. The trough is preheated in an electric furnace prior to

casting.

A picture-of the present machine is shown in Figure II, below an array of

77 glass-reinforced aluminum cast tubes *sde la this and the previous unit.

Pertinent data on the 4•2 castings made in the present unit are carried an

the second and third pages of Table I (Appendix A). Some of these runs

were necessarily made with glass forms other than universally wound

cylinders, when our supply of these was temporarily exhausted. For the

same reason a few castings were made with mom overruns of smaller

universally wov4 preform by encasing them in heavy wrappings of abestosp

eto., to fit the larger flask.

B. Product Evaluation.

All castings so far have had obW.ous p~ysical defects which made them
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unsttabl.e for physical tosting in their as cast stte. Bound sections were

generally. too short to avoid major osd effects in burst •trength tests. In

additic•n wide variations in vall thickness side it impractioal to turn down

the tubes on a lathe, 'Whenever this-vas dons, hidden defects were uncovered.

The evaluation of the cast tube products so far has been necesdrily

qualitative rather than quantitative, since no physical test data are yet

available. However, much was learned conserning the apparent effects of

process variables, materials characteristics and proces mechanics trqo.ih a

careful scrutiny of the castings and mierbscopic examieation of transverse an4

longitudinal sections cut from them.

Product evaluation data are presented in table II (Appendix A) ýnd are' Urgely

self-explanatory with the aid of photograto referenceso

Go Effeaet of Proocss Variables 6n Quility of Castings.

I* Preheoating flak and/or glass Preform.

OCF has observed that the initial .(2-3minute) tensile strength of I Lass

fibers decreases with temperature lic'm i475,000 psi at room temperature to

175,000 psi at 120o'?., mit,'oi'.the irength loss occurring above So'?.

Excessive fiber embrittlement, has been observed In each casting experiment

involving the preheating of the glass, since this takes considerable time,

Thent tOo, moao casting temperatureo upto 3150OF are involved and the

castings have not been rapidly chilled. This could be done with a water

spray on the mold# assuming ocuplete penetraticon to the uold wall is

achieved. Concurrent laboratory experim•t•s do indicate that teating glaS

fiber structues to O100F or over facilitates metal coating but does not
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materially assist penetration. Centrif~a. oasting results are seeminglr

just as good -without preheating the glass# but there is no physioal data

yet to substantiate this observation.

ifraing the mold to 300* to 40071 has been found hephAl in assistil

penetration and avoiding cold shuts., Higher temperatues result In

difficult eztraction-of•the casting from-the mold.

2. Bar* fibers versus aluminum coated fibers.

It was found in early experiments that the aluminnum coating on smaller

diameter fibers (.14 ma diameter) ouidised excessively during preheat and

penetration of the fibers was poor. Larger diameter bave fibers (1-2 mu

diameter) were penetrated more successfully in later experimant. It is

believed that an evaluation of 1-2 41 aluminun coated fiber* without

preheat would be helpful in establishing definitely whether the fiber

spacing effect can contribute to better casting quality.

3. Fiber diameters. thickiesses and weights of preforms

Fibers between 1 and 2 aml diameters apparently yield optimu results,

larger diameters becoming too brittle to handle# maller diameters offeria.

mon resistance to penetration br molten a1•tusimm It is ve:7 important

that winding thickness, number of strands wound sinultaneously, number of

ends In strand, fiber diamsters, bulk density and O.D, be standardised as

much as possible from now on so that the effect of other process variables

can be more clearly delineated. It Is suggested that preforms be wound as

tightly as practicable on a rigid shipping tube which cam be easily removed

once placed In the mold. The O.D. of the winding should be snuh tast tho
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preform fits snugly to the 7.7 inch I.D. flask. Vindings of .001 to

.00015 inch diameter bare fibers should be established as standard until

changes in these specifications are warranted by experimental results.

Atuatlly, much more thickly wound preform have been used with considerable

difficulty in preparation for casting (esting #60# 2067 on. glas). The

middle preform In Figure V illustrates a. approach to the kind of structural

integrity dosmired compared with the two shown with heavier windingso

The fibers in some cases should also be coated in forming with a layer of

a specific aluminun ailoy- so that th avalue of this technique may be

determined under contr•o•od experimental conditions.

4 . lass types.

The results of experiments with glass forms other than universally wound

continuous fiber preforma have been disappointing and Indicate that the

latter still may be considered the most suitable prefom structure fqr

centrifugal casting of tubular shapes. The .other forms •nvestigated have

a much lower bulk density, are more highly compressible# resulting in pow

distribution of fibers in the composite. Fiberglas fabrics and screening

are not under serious consideration because of low glass loading, extreme

reuiotance to fiber penetration, etc. Casting Nov. 69 and 71,P Fige IVe

are exanples of tubes Incorporating fabric and screen# respectively.

Because of the extremely open weave of the screen, gcod penetration wa

achieved (but not Into the strends) in No. 71 and a fairly regular 24"

casting was obtained which may be worthwhile testing for bursting strengh,

The heavy polyvizrl chloride coating on the strands was not removed poor
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to octing, so that #Avantage oo•-l be t4ken of the spaoer effect. Meeot

of this coating burned of f during eastig but released objectionable

HCM vapor@.

5. Internal preform supports.

Light gage screen materials (see aluminum screening in Figure V) are not

rigid enough for long heavy wirdings,, and heavier materials tend to run

eccentrically in the machine. All such pupports offer additional

resistance to radial flow of cast metalp absorb heat from the aluminum in

melting,, and introduce oxide films wich are undesirablse Much better

results are obtained when the fiber structure has enough integrity to

permit rdmoval of the internal. supcrt before casting.

6.I xternal wrap@. surface characteristics.

A single wrap of Coromat or expanded aluminum screen (Figure V shows

expanded aluminum screen) around a universal preform provides a thin

insulating layer of low density which enables more 'ntel to flow through

the outermost strands of the preform fibers before freesing off at the

mold wall. A somewhat smoother outside surface may be attainable by this

technique which has not yet been fully explored. Figure IV, No. 52,

illustrates the matte. surface obtained in some areas with one Coramat

outside layer which itself was not penetrated but was brushed off after

casting. Expanded aluminm screen may prove to be even awe effective

in this respect.

7. Centrifugal force.

The vo•eht of aluminum cast is calculated to f14 an estimated 9OS voids
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within the Fiberglas preform structure 5a supplied by 0G(1 the &ore glassU

the more aluminum required o tfi11 the voids. Centrifugal force eressed

in Oravities, var.is direotly with the radius of the mold and the square of

the mold rpm, being independent of the amount of mtal oset. Radial,.

pressures developed In the molten metal depend not only on the rpm bat

an the wall thickness of the casteng before the metal frees*@. Since

complete penetration has not been achlevd with radial pressures up to

-30 psi for 1/4I nch wall castings (60 psi 1/2 inoh Vallj 72 psi - 5/8

inch wall), it may be, desirable to pour a metal shot considerably In

excess of the theoretical amount required to form a finished casting. Thus,

higher radial pressures can be applied without rebuilding the machine to

achieve higher mold speeds. This procedure is contemplated in the Future

Vork section 'of this report.

8. Aluminum alloys, @to.

Tensaloys, a nominal 8% sino, 0.,4% magnesium, 0,8% qopper, balance aluminm,

alloy was ued in the earlier castings because it has good strength

properties and is an age hardening alloy not roquririg heat tretaimt

subsequent to casting. Such treatment was known to cause severe warping

In.vacuum injected glass-reinforced aluminum rods made in the OCY labs.

However, the fowry charecteri•stices (fludityj, resistance to hot coacking,

and pressuere tightness of castings) of Tensaloy were not compatible with

the centrifugal casting process. An alloy possessin better characteristic.

was sought and found in SC1A (noxmal 5% silicon, 1% copper, balance

alumlnup alloy). Alloy 5SA (5 silicon, balance aluminum) was selected

as an alternate material. Alloy SC52A gave such better resulte than
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Tensaloy or even 3As, and was established as the tempor&a1 standard for

most of the canting experiments in the present machine - CcI was asked to

evaluate this alloy in their vacuum injection process for makirg 0,45 inch

diameter rods with longitudinally oriented fibers. A reoent report an

physical tests of a series of such samples inicates an average tensile

strength of 25,700 psi at room temperature. In effect, the WC51A alloy

produced a composite as strong as those made with the 1W8-T6 alloy upon

which OCYFs beat data had been obtained previously. It Is further noted

that the iolU composites were not heat treated (therefore, not, warped)

before tostingl the lI composites were. SC5A is normally beat treated,

however, to develop mauimsu strenitti, end significant improvement can be

expected in tensile strength of glass-reinforced aluminum if warping can

be held to a mininum during heat treatment. The tensile strength of seven

SC51A composites tested had a standard deviation of orly 7S indicating

remarkably consistent results for composites of this type.

2B aluminum and alloys 14.8P 328,, 28 containing 3S cadmiiu, 1.1/2% sino,,

and 328 containing 7.36.% zmc were cast in an attempt to correlate resul

with WCc data obtained with these alloys* Results were, in gnoeral,

unsatisfactory.

It is good foundry practice to hold pouring temperatures within 50r to

75"1 of the melting point. However, the ccmpoeititg process requires awe

heat content to maintain the fluidity of the metal long enough to penetrate"

the glass fibers. Therefore, matal pouring temperatures were inoreaed

up to 1500*1 for the most part. This limit was established to avold

excessive oxidation and absorption of gases leadiru to poroeity,
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inclusions and defeot in east.ng. it is contoplateds however, that

more superheat may be required to maintain liquidus tomperaturow in the

spinning mold until complete penetration of the Fiberglas preform is

aohieved. (See Future Work section). Added preoautioms numt then be

taken to maintain metal purity.

Do Effect. of Materials and Prooess Charaoteristics on Quality of Castings.,

Is Fiberglas preforms.

It was found that sev~eral charateoristics of the preform. ued have

prevented the attainment of gpo4 castingst

a. Bare 'lass is not wet by molten aluminuml strands resist penetration.

b. Glass fibers are embrittled by time-at-tomperaturee and weakened by

rubbing in contact with each other.

a. Helically wound glass forms are of low bulk donsity5 thus are highly

compressible by centrifugal force and radial pressures developed in

the molten metal. Strands tend to migrate dwring castng and the

compressed fibers strongly resist penetration by molten alminum.

d. A loose helical wind gives rise to longitudinal contraction of prefoeM

at high rym, allowing cast metal to flow around ends of preform,

creating back pressure which result. in bunching of strawdsp uneven

wall thickneeop poor penetration,

so Loose construction, lack of ridigityp and variable .D, nJtUrdcee

handling problem. in preparation for castng. Atteapte to overcome

these and associated deficiencies are discussed In 1. below.
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t. Process dynamics.

a. Only moderate radial pressure Is developed at speods of 34M rpm

because only thin wall castings of a light metal, almimam, are being

attompted, However, this pressum i developed a2most Instantaneously

with impactlng forces-which compafsses Ve giass fibers movenly.

b. Considerable shear. foroes are developed as the oat metal Ise rapidly

accelerated to the rps of the flak. Th•se foroes tear the glass

fibers and distort the preform gscmetry.

Pressure modiflcations designed to overcome these limitaAcais are

contemplated under the Future Work section.

Z# Modification of Fiberalas Preform to Imirove Physical, and Phveioo-Oieuical

Characteristics.

To alleviate some of the Fiberglas preform weakmsses noted in D. above# it

was undertaken to find active agents with %hich preforin could be treated too

1. Enhance wettability of the fibers, thus &asisting penetration aid realt"ng

in better bond strength, Because a molten metal possesses a high free

surface energy, it has a high angle of contact (or low work of adhesion)

on a glass surface and will not wet it. Exploratory experiments have been.

conducted In the laboratory with the object of overcoming this difficulty

by coating glass fibers with organic, inorganic a•d metal-organio salts to

reduce interfacial tension at the -Instantof contact with the molten metal

In every trial where a metai-organic wae applied to Class fib%*Nq molten

aluminam coted them. Erratic and unprediotable results were obtained



with inorganic salts.. Oxide coatings of lead, titaninu and barium

produced an unwettable surface. Experimens with TIC are continuing on

the basis of report. Indicating that its high free surface energy is

effective in rendering various surfa@es wettable by molten al•6im,

Although. 017 experiments iWdicate, that prmooating f bers with aluminum In

the forming process is helpful in promoting penetration and wettability,

these effects have not beqn observable in-oentrifugal casting work.

2. Protect glass fibers from degpading effects of teat and abrasion with a

coating which also spaces the individual fibers apart to assist penetration.

The coating must be effective in very thin lay•rs, be volatilized

completely by the cast metal, or be Innocuous to the metal strix tu'

alloying effictively with it. A coating of this nature woull best be

"applied at the time of forming the fibers. An aluminm coating serves

as a protective layer, but it is believed that an oxide film on the

greatly extended surface precluded effective wetting and penetration in

the centriftgal casting experiments.

Various organic coatings which also rigidised the preform were tried

without success. Such a dual-purpose costing would elimlite the need

fot internal screen supports, minimise migration of fibere, result In awre

uniform fiber distribution# and saki preforms easier to h-adle in prooess.

A solution of styrene resin was applied to a preform which became somewhat

rigid when dried, and molten aluminum vas cast into it (Figure IT# No. 51).

Although most of the resin was brned off as It cem In eontapt with the

molten almium, penetration was not improved. 5ces strands wets bonded
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together and not penetrated at all (see figure IV, No. 51). 61milar

results were obtained with polpethylaethIerylatep ethyl cenuseee sodium

silicate, and polyvinyl chloride.

r. Doeign and Construction of Apparatus for Vacuau-Pressure IM*regnation of

Fiberglas Forms.

This apparatus provides for the vacum rmov4 o 9fntrapped air in the preforms

and takes advantage of the fact that contact angles between a solid and liquid
I. m .

are lower in a vacuim than in air. The disadvantages of centrifugal casting

process dynamics are eliminated end a uniform distribution of gradually applied

forces is acOieved with atmospheric or higher nitrogen pressures. Oxidation

of fiber coatings and molten aluminum is held at a dminium. The ability to

preheat the Fiberglas in vacuo is also an advantage.

Issentially, the unit consists of a vaouum chamber containing a graphite

melting pot on a hot plate imbedded in refractor7 sand ,and surrounded by a

closely fitting refraator7 cylinder in which are imbedded beating coils of

ni-chrome wire. Between the pot and the vacuum tank is a reflecting shield

of brass which has been chrome plated on the Inside surface end is fitted with

a cover containing a trap door operated by two rods extending through the

side wall of the chamber. This shield prevents the tank from becoming heated

to unsafe temperatures under applied vacuum or pressure asw vel as permitting

some control of the preheating of the Fiberglas preform. The preform is

suspended above the shield on a holding device mounted on a rod w•Ieoh paa"ea

through a bushing at the top of the tank. Temperatures at six critical pinste

are continuously recorded by a recording potentiometer pyrtoree. Power leads
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a14 therso-oouple wires are sealed into t•he tank wal tbhroh two separate

plastic bushings. Provlslon have been made for preesuriaitig the vessel with

nitrogen while the preform is submerged uder the surfaoe of the molten

auminp to aid in full penetration of the fibers#

0. Phsaical TeotiM of O0 Samples.

A Tinlus lsen plastiversal machine which was available in the plastics

section of the Olass, Metals and Plastics Department was provided with the

accessories required for, room temperaure and elevated temperature testIng at

glass-reinforced aluminum-samples. These accsseorIes Included a Yoxboro

controller for a 16 Inch Marshall furnaoce an 52 type extens•mter and

transfer mechanism, and a set of V-Jaw grips and threaded sand specimen holders.

The toeperature range of the furnaoe permits testing of speciens up to

180007. This equipment is shown In Figure 1. The testing machine was 1l1ead4

equipped with compression plates and a stress-strain recorder.

The physical strength properties of 196 glass-reinforoed aluminum samples

sunittod by OWC have been determined in our laboratories at both room •n•d

elevated temperatures. These tests have included determination of tensile

strength, elongations modulus of elastipitr in tension, ultimIlte compresolve

strength and modulus of elasticity In opmpression.
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IV FUTUREVOMK

A. Nodificatioa of centrifugal casting desin and techniques will be continued

with the purpose of uinimising the very high shear and compressive f6roes

involved in casting molten metal Into the Fiberglas preform at high mold speeds.

This may be accomplished htq

L. Providin an auxilia low speed drive which will enable casting the whole

shot at minimum retention speeds as low as 110 rpm; then increasing the

speed grad•ally with the main drive to develop maximum centrifugal terce.

OuapiM* aotion of the molten metal at the low speeds should also assist

in penetration of the preform under condi•ions of miniaus radial pressure.

Increased contact te between the molten metal an& glss fibers before

freesing begins at the mold wall Is expected to 1mprove wetting of fibers;

'and/or

2. Using a screen-type or turbine-type accelerator built into the centrifugal

casting mold to accelerate the cast metal tangentially to the circumference

of the mold and thus materially reduce shearing action.

3. In conjunction with the above, a double or triple shot of moltaen aluminum

maz be cast at one time to multiply the radial pressure developed at

maximum machine speeds as well as to gain the advantages of the additional

heat content of the extra-metal. In this case# a melt-out bu eaQd could

be provided at one end of the mold which would allow the bulk of the

excess metal to overflow at a predetermined tiui Into a reservoir ad be

recovered therefrom. This would eliminate the scessity for extensive

machining operations to produce a finishpd castng.
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s. Laboratory Investigations. will be carried on to find surface active agents

or other treatments of the Fiberglas materials which wt3l perform one or

more of the following functionsa

1. Increase the wettability of the fibers. A variation of the natwe of the

glass has been discarded as relatively unimportant. But it is stronqly

felt that fluorine in, or chemical treatment of the glass surface bp y

non-aqueous vapors of halides, particularly fluorides and/or chloridqj of

silicon# germanium, tin, lead, aluainum, 'borc and similarly elecsro"

negative elements wouid give Improved bonding without vigorously atekig

the glass. Perhaps even gaseous chlorine would be effective$ but in may

event a chlorinated surface ts expected to be an ImpJovmentp especiqlly

if chlorine can be counected to silicon. It is also %walait that

treatment of the glass with a borane might be prodactive of a more wettable

boron skin.

2. Act as a fiber spacer to assist penetration of the mo•ten metal, and

3. Temporarily rigidise the preform shape to faoilitate handli•ng, Impar

dimensional stability, and eliminate the need for iner support screqns

as yell as the tendency Of helically woum fibers to contract lengito*-.

ally when spun at high speeds.

It is believed that either plastic or metal coatings an be applied which

will perform more. than one of these functions simultaneously.

C. An alternate compositing method based on the vacuum naecLton of alminum into

Fiberglas universally wound on a mandrel is noa being investigaed. The



e!

The procedure is based on the results of 00'e laboratory eper•lments by

which they produced a 1 ionh tube which when'tested exhibited satisfactory

rim strengths.

The 07 Olase-Kotals Researoh Laboratory will supply strands of aluminum.

coated fibers to the Ashton, Rhode Island Textile Division labes where a

tight helical winding of these fibers vwil be applied on an 18 Lnch long steel

mandrel# 5 inches in diamster, supplied by OM10. This andrel in a length of

1015 steel pipe, specially case hardened and fitted to the standard 2 inch

winding mandrel used in the Ashton lab. The pipe mandrel carrying the glass

winding will then be Inserted snugly into a length of 6 Inch diameter case

hardened steel pipe having a "• Inch wall and a 5 1/2 inch ID. A. flange

containing a vacum connection will then be welded to one end of the assembly

so as to seal completely the annular space. This unit will then be heated by

combustion gase• over an aluminum melting furooe the open end then submrged

in the molten aluminum and ful vacuum gradually applied so that atmospheric

pressure will inject the molten aluminum into the glass preform.

D. Bursting strength tests and other physical measurements will be corAucted on

suitable tubular products. An apparatus for determining the bursting strength

of 7.7.ineh O.D. glass-reinforced aluminum tubes has already been designed and

bids have been requested for its fabrication. The rim strengthe of the glass.

reinforced aluminum composites winl be calculated from busntng strength data

obtained with this apparatus.

R. Vacuum-pressure Impregnation techniques will be investigated with both

otljidrical ad dish-shape Fiberglas preform9 using the apparatus show in
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Figure VIII aMn previouhly deocribed.

o. I1bsoial testing of OP gIlass-reinfor'oed alimam samples. will be continue

ap required.



n~ber Glow Woo-

eat. DLao Vgto. Profon of r'-+ T...o* ,yp' of
No. Type of Glass Vile am$, Trapped I.- _t.,_ _C_.-l

£-. A1.Coat.Fib.Pref.Mo. 1 .4 191 Asbestos 1-2 Al, 11X Teizz-ooy

R-2 " " " " 1o 14 181 Reyaoldas r+p 1-2

R-3 " " " " No. 4 .4 154 " 1-2 . "

R-4 Non* -- None ,Yone -- No;' It

1 .AL.CoatFib.MPrefoo. 6 .4 .181 " 1-2 Al., 1X14 "

2 " " " " NO, .4 227 1-2
3 Bare Fiber Pro.t No.12 .4 205 " 1-

4 Flexible Filter Mat 1.25 - Chef. Foil -- "

5 Bare Fiber Prof. No.13 14 205 .0095 Tin Plate ,-C ".lcoa 14:

6 Flexible Filter Xat 1.25 96 " --

7 Baro Fiber refr. Noe14 .4 182 " 4-6 AlLoa 32

8 Flexible Filter Mat 1.25 119 --

9 Flexible Filter Mat 1.25 60 "-- .l, xI.i Alcoa 23
10 Baro Fiber Prof. No.43 3 238 " 1 1-241z,3.

11 " " " Noo44 3 238 Stove lipe I

12 175 Floccing -- 145 Al. Foil -- oi
13 Bare Fiber Prof. No.37 2 233 Stove PJpe 1 .1l, 1.$.'-.. Týlo
14 " " "No.38 2 296 f1 I

'lexible Filter Mat 1.25 90 4--

16 Bare Fiber Prof. No.40 2 225 20 :;a. 3.5. 1 A1L I, :d4

17 " " No.42 2 304 Stove Pipo 1 "

18 Flexible Filter Mat 1.25 120 "- ..

19 Bare, Fiber Prcf. No.39 2 277 " 1 "

20 " It. Noo.36 2 243 Iron Pipe I

21 Al.Cozt.Fib.oPref.Nio. 9 .4 199 " 1-2
22 To " " " No. 8 .4 206 1-2 "11coa 2:
23 Ure Fiber P:ef. No.41 2 275 to

24 A1.CoatoFib.Poref.No.10 .4 190 "I_-Co 28,

25 Zara Fiber Pref. No.28 1 271 1
26 A1.Coat.Fib.Pref.oNo.11 .4 202 1-.-

27 " " " No.26 .4 219
28 Baro Fiber Pref. ,o,27 1 289 "1

20 " " No It.32 1 ZG8 a 2 " .

30 A1.Coat.Flb.Prcf.Xo.25 .4 221 ,."C1lA

31 Bare Fiber Pref. No.54 2 22";
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TA3LX I

,Temp. at Pow Casts
fteform ot Scroon T Typ of Jtal l1s• Heater -Trough Food* Flask

t pir l:nncr ?etal WTt 1Gr&:, O T n.. Gla_. -etal an

otoe 1-2 Al, 18%14 Teahvlo7 2270 Calrod loDe lnd Pour Mi 100 1200 1750 AMS@

oolds Wra.p 1-2, " of 31r1i Nff - 1 1350 1350 800 3370

1-2. " 4540 o " lw 1350 1450 300 3060

-- Nonu o 4540 DotoSlot., Up1 1080. 1600 400 3890

"1-2 Al, lx184 t0o537 It" i 1200+ 1200 300 3138
" 1-2 .. it ;5 " 1" 800 1500+ S 50 2710

"" t-o 4639 1 IM 800 1400+ 10o0 4770
.1. loll -- MW448 l~oie Nr Room Room 1397 1750 5800

M5 Tin Plate ,5-6 Alcoa 143 7150 " of UR Rooo Room 1465 1750 6440
""-- o 4994 t It 1W Room Roos 1285 1750 4000

" 4-6 " Alcoa 323 :28C " Tiltln4 VC Room Room 1422 275 2442

"2-- -2on C 20. Cal'od IeD. " t MC 100 1500 232 2320
"t -- Al, 1•-1 A•1'oa 28 2307 .. t C 1430 1430 800 2494

" 1 "•z~1o7 2500 "C 100 1460 283 1840

0,0 pipe 1 2300 None " VC Room RooL 1453 1570 2680

SFoil -- .osW te~l " 2500 MC Room Room 1500# 1416 3075

,eve Pipe 1 .'1, 18-04. To.-.'.%oy/5%Cd 3000 " HC Room IRoom 1450 1310 2985
1 It4540 " Bud Pour X Roo' Room 1400 1535 4315

" -- ,c oi'. 4540 " Tiltinj; C Room Room 1385 1200 2815

I ,a. Sos. I Al, 1 i,: I- " 4540 " rd" Pour V Rooe Room 1485 1465 452.0

;ove Pipe 1 ... 4340C " " I Rooc. Room 1455 1360 4700

"S -.. 1. .. Roos Roow 1370 1415 4300

"1 .-340 .. x Roon Room 1270 970, 41320

on Pipe 1 4"4""G .... U Rooa Roo& 1430 1865 4425

"1-2 .:510 Calroc 1,D, K 480 1350 1780 4350
"1-2 Alcoa 23 t35 ." None . Tilting, C Roon Room 1500 1715 2650

"' 1 "2 " " VC Room Room 1500 1485 2450

1"-C1", 1.5%Zn 2700 " 3nd Pour A Room Ploo.;. 1450 1800 2820
"1 " 3200 .. A Room Po'um 1450 1810 3430

""f - f " ý200 C.d.rod 1,D, " A 520 1500 1740 3075

"" " 3200 " A E20 1500 1765 2810

"2 I t -ZI,. 3200 " " A 730 1500+ 2200 3324
"t 2 L05.1 27200 o " A 750 1W00 2008 3444

""2 3 "C51A 120 " A1 01 1300 783 3300

"" 2 " 3200 None ' A Roou Room 1425 1322 2320

2F



ilk -l3e et
an' Of 80e. y

T~ WitW#V q eempg "pe53°•• Bat e+• UI MU!* .. . .f /U11 U a u w• , . .".••'

33+•t+ +++ + +pI)qI Cwm - .- 338 A1.1U24 ' r

.34 11.stble Fltor mat 12. 221 JM, sone

,6 loa.rtew+w

3? 315 flaoosift 15?5'None -- ja1 x 84
.39 Sawe ibewPreto seeis 1 574 3 At* 1SS14,
39 awe fi-ber Pref. no, 50 1 7oo " So

40Filter mat 1,4 oI- to "
41 4W 4 "--

42 Blare Fiber Preto.3 . 85 1 1044 ,o4-5 -s

43 Flexible filter Nat 1.1 670 - Ne
44 flexible filter Mat 1.1 640 " --

r .45 Dane Fiber Prof. No. 63 1 74 3-4 tl lAzt, -8XI +I5
46 Bare fiber Pro•t No, &7 1 559 "of 4-3 Al 22

47 Bare We 1 Prof, No, 83 I 0 -4- -, "

48 Dare Fiber Prof. No. I o2 1 62 3 Al, 18414

50 hare Fiber Prof. No, 91 2 164 " 2 None o

51 A ber I ge I 10e2• ' 2 1472 Or "-

52 Bare Fibor Pret, o 8 2 2Coroat%
53 Bare Fibor Prof, No,93. 2 1600 2 OX sz~teel
54 Bare Fiber Prof, No* 90 2 1475 t 2 some
55 Bare Fiber Prof, No, 94 2 1459 " 2 Up., Al
56 Co0roMat -- 285 "-- Al, * 18:4
57 Bare fiber Prof, No& 62 2 250 %sbos,,Cou&A1I Alcoa 23

I~xI4 Al Sets
5 h Bare Fibor Prof, No. 63 2 180 ,,. P' I

Coromat -- 12
59 1 n Flyor leto B ao9 1 1080 "one 2 son SSteeIA

60 Bare Fiber Prof* No, 95 2 2047 " 2 el t

of Bare Fiber Prof, No, 90 2 17431 " 2
62 Bare Fiber Prof. No, 9? 2 ..ISIS sobeetos 2 U:cP. Al
63 Bare Fiber Prof. Nc. 20 1 243 Stove Pipe &

Coromat -- 20 Asbestos
64 Bare Fibor Prof. Moa 98 2 1932 Non* 2 x". Al"

43'



___~ ~~~~~ ......h............ 1. 0 ..... 1 03 lo s litl M~

_4_ -aw. r -- Ua ---- Z - -1 M 2M

I I t nA 3200 Gas O.D. and pou V. SO0 300 1500 s20 35W0
A -- A1*18:14 3650 x U 300" 300 1300+ 2332 3415

j - Noneow 2000 . DotoPour 3 300 300 15004 250 2Q00

*2 ,,2000 3 300 300 1500* 3231 2300

a.eSteel win-- 4150 None Ind Pour A Rim toom 1500+. 302 4200

t-- A, 18411 !!.150 Raditmtn e 1 A 600 600 1500" 3414 4600

3 A, 18x14 " ?200 None MC Room Room 1500+ 3290 3500
-C 4 350 Radiant Gas ID " MC 200 200 1300. 3306 4250

.. ""4540 O MC3 200 200 1420 3309 4740

. 5100 lone VC Room Room 1500+ 3285 5600
4-.4 -1994 R4adnvtOL& 10 A 400 400 1400 3227 6150

-- ione 6810 1 400 400 1273 3193 6000
q3 - "810 A 400 400 1350 3090 6240

3-4 At, 18x1 I 1o23with7310 A I A 350 350 1375. 3170 7400
'.26A Zn

4-5 Alp 2X2 • ;0IA 6J10 sone A"l Room Room 1600+ 3240 6975"

3-4 Al, B88 6810 " AF" Boom Room 1500+ 3220 7150

3 Al. 18.14 " 810 G-s OD. " 11 700 -- 1500 3227 6660

2 Oneo "800 None ARL Room Room 1500+ 3200 8100

1280 " Al AR Room Room 1500+ 3200 7210

2 of 1800 " ARU Roo Room 1500. 3200 8655

2 0U6 steel f-800 Gas O.D. AUr 400 400 1500 3200 8675

2 Noso .1450 None " C Room Room 1500 3200 6475

2 Uxp. Al 5900 Gas ODe ART 400 400 1500 3200 6610
-- Al, 18x14 5900 None * ART loon loom 1500 3200 5245

5bes.,Corru.,h1#l ;."Icoa 2S .45-10 Gas FlIe ID " CUR 600 600 1500 3200 5020
-x14 At SC:.

t.ve Pipe 1 4540 " "" 400 400 1500. 3200 3580

one 2 Mono 1.A 6;00 GAs 0.D. MU? 150 -- 1200+ 2825 4350

"2 "go-so ERo0.Dh UMIC 650 650 1200+ 2772 9175

2 7 730 Gas O.D. " MU 430. 330 1200+ 3061 8710

%bestos 2 Ex•m. Al "00O Gas flanu ID MIT 400 100 1200+ 3200 8720

tove Pipe & Al, 18••14 1729 MUY 300 450 1200+ 3200 --
Sbau tes

one 2 EUp. Al " 078 nR 450 400 1300+ 3291 9960



SrFiber GlaN. "00
cat*, Diu. WOt Prot*m otf Screen Type. Type of
Nog Type' of Glas Nills U... Wrap;ed in Ends Inner . atal

6U Bare Fiber Pref, go, 90 2 472 A xo e 2 Ucpo Al SC1A• •I 8creen

66 hre Ober Prot, No, 84 3 294 _ SPOAXP, I

67 To o 02 2 $9Zpe Al 8cr., 2 5

68 Bare Fiber Prof, No 107 2 721 Konesoaked In Sodium 8ill~cato

69 Glase Cloth 16x14 Wee 645-- None 51A
Q401 Filter Media

70 GlUs: Cloth 16x14 Weave 710 " --
SO 401 Filter Media

71 Plastic Coat Fiberglae --40
7creen 14M16, 525 wgt,

72 IA A1.Coat.FIb.Pref.No.ll8 2 1628 " 2 Exp. Al

73 1/2 AloCoat.FibProfXo.119 2 1300 " 2 None

74 1/2 Al.Coat.Fib.PrefNo,116 2 387 Asbestos 2 Uip. At

75 1/2 AloCoato1iboProeXoll5 2 305 " 2

76 Bare Fiber Prof, No. 106 2 1770 None 2 Nouo

77 Bare Fiber Pref, No, 105 2 1128 " 2 " SC51 with

Castings go, 1-1 through No. 31 wore made in a 8-1/8" I.Z. x 12-1/i." (iFcide length)
Flask. Balance of castings were made In a 7-3/4" 16D, x 34" (inside leo.eth) Flask,

Castings No. R-1 through R-4 were made with resin bonded sand flas% liners.
Castings No. 1 through 31 and No. 58 wore made witl sodium-silicate invert-sugar,

00, bonded lsand flask liners. Balance of castings wore made with no flas. liners;
-Piwith colloidal graphite parting agent.

Castings No..-1 through No. 23 were made with a hand crank troujh traverse.
Balance of castings wore made with a motorized chain driven trbugh travorse, rate
of 3 feet per minute.

SFood .Type: I - Poured manually
A - Poured automatically - tilting crucible, cas-operateei sy-chronize(

RTC -. Flask rear to flask front to flask center (direction of feed)

44. .1k



"s.1om of ."w.e upe* Typ* of intal flask Seater Trough 7*00 A W got
NM"4 Is 31" Rei . Waa ITO~5 -- !1ly PO~ .1W. T 0.3 GILSm NetIa n U

2 g•p. At SC1LA 4C a0 Gs nlame ID Mud Pour Anl 300 900 1200W. 3200 8711

.P•pe44. - " 448 30 900 1200t. 3200 149
Men.
Al Iime 2 58a 8400 Nose " U? Ro loom 1300 1400 am

,, ' 7700 - - . Roc hm IL. 400 3000 3206

-- one SCSIA 6810 " B fl o Room 1300 1465 7060

of t 6810. " U Ri lom Room 1300 3344 4500

7 U 7264 " " to 11 Room Room 1400 2961 6705

2 lap. Al " o902 "" N Rom Room 1300 3350 68"73
2 Molet .6810 " " MunRoom Room 1350 3265. 7700

Stoa 2 Isp. Al of" 3310 o" M Room Room 1300 3344

2 *"7664 " " 3I1 Room Room 1400 3100 0 .

2 Nozac 8172 " inC Room Room 1500 3362 9460

2 " 'BCC51A vjth 8173 S " C Room Room 1500 3200 3860
1%Cd.•1. • Z

8-1/8" I.D. x 12-1/2" (inride length)
/4" 1,D, x 34" (inside leneth) Flask.

sin bonded sand flask liners*
witi' sodium-silicate Invart-sugars
stings were made with no flask li.ers;

a band crank troujh traverse.
chain driven trbugh traverse, rate

ting crucible, cam-operaten syjchronized feed track.

to flask center (direction of feed)

.21
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